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(54) MEDICAL DEVICE GUIDING SYSTEM AND ITS POSITION CORRECTING METHOD

(57)  The medical device guidance system and the
position correction method include a magnetic induction
device (4) which generates an induction magnetic field
in an arbitrary direction to guide a capsular medical de-
vice (1) and carry out movement and posture control, a
position detection device (5) which detects the present
position by a magnetic field generated by the capsular
medical device (1) and a position calculating and correct-
ing section (9) which forms an estimation equation of an
undesired magnetic field generated from a guidance coil
(2) and subtracts an estimation equation result from the
detection result of the magnetic field detecting section,
according to the present position of the capsular medical
device (1) that controls the position and posture by an
induction field relative to the position detection device
(5), and corrects the present position by excluding a de-
sired magnetic field generated from a guidance coil (2).
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Description
Technical Field

[0001] The present invention relates to a medical de-
vice guidance system that has a position detection func-
tion of detecting the position of the medical device that
passes in a gastrointestinal tract, and a position correc-
tion method.

Background Art

[0002] In general, when a subject such as a patient is
examined, an endoscope device that take images in the
gastrointestinal tract as an image and performs monitor
display is known as one medical device. Usually, an en-
doscope device is inserted from the oral cavity or the like
and its tip has flexibility; lesions and the like to be ob-
served are imaged by the imaging section installed on
the tip side and the distal end side. A capsule endoscope
is available that is different in its configuration from this
capsule endoscope. The main body of this capsule en-
doscope, which is provided with an imaging element, is
swallowed by a patient, and then passes through the gas-
trointestinal tract, to take image a desired target region.
Atthis time, photograph the imaging range (angle of view)
of the imaging section installed in the main body of the
capsular endoscope is fixed, and thus the posture of the
capsule main body needs to be controlled by guidance
such that the desired target site is located within the im-
aging range. A system of controlling this posture involves
applying a magnetic field generated from a coil installed
in the surroundings, outside the body, to a magnetic field
generated in the main body of a capsular endoscope, to
thereby guide the main body or change the posture.
[0003] Such a guidance system is proposed, for ex-
ample, in Jpn. Pat. Appin. KOKAI Publication No.
2006-026391. In this guidance system, the movement
and posture are controlled by guidance field of a guidance
coil arranged so as to enclose a medical device incorpo-
rating a magnet and a guidance coil by six faces. In ad-
dition, when a medical device take images a lesion or
the like, its position needs to be specified. In this guidance
system are disposed magnetic sensors atleastinits three
faces, and a position detection system, in which the po-
sition is detected by magnetic field generated from the
medical device. This magnetic field sensor has arranged
therein a large number of sense coils in each face for
determining the position of the medical device from the
magnetic intensity that each sense coil detects.

Disclosure of Invention

[0004] A position which an image is shot by a medical
device is indispensable information for a surgeon. There-
fore, it is important to detect the precise position of such
medical device.

[0005] The position detection system of the medical
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device according to Jpn. Pat. Appln. KOKAI Publication
No. 2006-026391 described above can detect the posi-
tion of a medical device, regardless of its posture (turning
direction), by the magnetic field sensor because it can
generate a guidance field in the guidance coil at any time.
However, on the other hand, a magnetic field for position
detection generated by the medical device for the detec-
tion of the position may pass the guidance coil, due to
the position or the like where a medical device is located
relative to the guidance coil.

[0006] A signal generation section connected to the
guidance coil is characterized by having low output im-
pedance, such that the power loss decreases when driv-
ing. Hence, an induced voltage generated by the pas-
sage of the magnetic field allows a closed circuit consist-
ing of a guidance coil and a signal generation section to
flow an electric current and to generate, unintentionally,
an undesired magnetic field 105 from a guidance coil
102, as shown in FIG. 14.

[0007] Thus, a magnetic field sensor 103 will detect
the total magnetic intensity, i.e., the combination of a
magnetic field 104 generated by a medical device 101
and the undesired magnetic field 105. A detection value
calculated from a position detecting and calculating sec-
tion on the basis of this magnetic intensity gives adverse
effects such as a false detection, as well as making cal-
culation convergence impossible.

[0008] The present invention, therefore, provides a
medical device guidance system that excludes an unde-
sired signal generated during position detection, and has
a position detection function of detecting a precise posi-
tion of a medical device that passes in a gastrointestinal
tract, and a position correction method for such system.
Specifically, provided is a medical device guidance sys-
tem comprising a position detection device including a
capsular medical device that is introduced into a gas-
trointestinal tract, is capable of movement and posture
control by the generation of a driving force caused by a
guidance field and always or by response generates a
magnetic field of a specified frequency, a magnetic field
detecting section for detecting a magnetic field of the
above specified frequency, and a position detecting sec-
tion for detecting a position in the gastrointestinal tract
of the above capsular medical device on the basis of the
detection result ofthe above magnetic field detecting sec-
tion, a guidance coil for generating the above guidance
field that can be oriented in an arbitrary direction to guide
the above capsular medical device to a desired position,
an undesired signal value calculating section for calcu-
lating an undesired signal on the basis of an undesired
magnetic field generated by the magnetic field of the
above specified frequency that enters into the above
guidance coil, and a position calculating and correcting
section for subtracting a calculation result provided by
the above undesired signal value calculating section from
a detection result of the above magnetic field detecting
section to thereby eliminate a magnetic field that corre-
sponds to the above undesired magnetic field.
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[0009] Further, provided is a method of guiding a med-
ical device having a capsular medical device that is in-
troduced into a gastrointestinal tract, is capable of move-
ment and posture control by the generation of a driving
force caused by a guidance field and always or by re-
sponse generates a magnetic field of a specified frequen-
cy, the method comprising a magnetic field detecting step
of detecting the magnetic field of the above specified fre-
quency, a position detecting step of detecting a position
in the gastrointestinal tract of the above capsular medical
device on the basis of the detection result of the above
magnetic field detecting step, a guiding step of generat-
ing the above guidance field that orients in an arbitrary
direction by a guidance coil to guide the above capsular
medical device to a desired position, an undesired mag-
netic field calculating step of calculating an undesired
signal on the basis of an undesired magnetic field gen-
erated by the magnetic field of the above specified fre-
quency that enters into the above guidance coil, and a
position correcting step of subtracting a calculation result
provided by the above undesired magnetic field calculat-
ing step from a detection result of the above magnetic
field detecting step to thereby exclude a magnetic field
that corresponds to the above undesired magnetic field.

Brief Description of Drawings
[0010]

FIG. 1 is a diagram showing a conceptual configu-
ration of a medical device guidance system that has
a position detection function according to a first em-
bodiment of the present invention.

FIG. 2 is a diagram showing a position calculating
section and a configuration example of a configura-
tion site placed in its circumference in the first em-
bodiment.

FIG. 3A is a flowchart to describe position detection
in the first embodiment.

FIG. 3B is a sub-routine to describe the generation
of a simultaneous equation.

FIG. 4 is a diagram showing a configuration example
of a medical device guidance system that has a po-
sition detection function according to a second em-
bodiment of the present invention.

FIG. 5is a diagram showing a configuration example
of arelative position calculating section in the second
embodiment.

FIG. 6 is a diagram showing a configuration example
of a medical device guidance system that has a po-
sition detection function according to a third embod-
iment of the present invention.

FIG. 7 is a diagram showing a configuration example
of a medical device guidance system that has a po-
sition detection function according to a fourth em-
bodiment of the present invention.

FIG. 8 is a diagram showing a configuration example
of a medical device guidance system that has a po-
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sition detection function according to a fifth embod-
iment of the present invention.

FIG. 9 is a flowchart to describe position detection
of the medical device guidance system in the fifth
embodiment.

FIG. 10 is a diagram showing a configuration exam-
ple of a medical device guidance system that has a
position detection function according to a sixth em-
bodiment of the present invention.

FIG. 11 is a diagram showing a configuration exam-
ple of a medical device guidance system that has a
position detection function according to a seventh
embodiment of the present invention.

FIG. 12 is a diagram showing a configuration exam-
ple of a medical device guidance system that has a
position detection function according to an eighth
embodiment of the present invention.

FIG. 13 is a diagram showing a joint structure of a
battery provided with a capsular medical device.
FIG. 14 is a diagram to describe an undesired mag-
netic field generated in a conventional guidance coil.

[0011] Best Mode for Carrying Out the Invention Here-
inafter, embodiments of the present invention will be de-
scribed with reference to the drawings. FIG. 1 is a dia-
gram showing a conceptual configuration of a medical
device guidance system that has a position detection
function according to a first embodiment of the present
invention.

[0012] This medical device guidance system includes,
as a capsular medical device, for example, a capsular
medical device 1 the position and posture of which can
be controlled by a guidance field introduced into a gas-
trointestinal tract of a patient, a magnetic guidance device
4 for generating a magnetic field in an arbitrary direction
and guiding the capsular medical device 1 to perform
movement and posture control, a position detection de-
vice 5 for detecting the position by a magnetic field gen-
erated by the capsular medical device 1, and a position
calculating and correcting section 9 for calculating posi-
tion correction relative to the position detection device 5.
[0013] Consider, for example, the capsular medical
device 1 as an example of a capsular endoscope. This
capsular endoscope 1 includes an imaging section (not
shown) for photographing an inner wall side of the gas-
trointestinal tract of a patient in a capsule container of a
cylindrical geometry sealed by a watertight structure, a
magnetic field generating section 1a for generating a
guidance field to carry out position detection, a magnet
1b fixed to a capsular endoscope 1 and made of a per-
manent magnet or the like to generate a driving force for
the movement and the postural change by the guidance
field, and a transmission section (not shown) for convert-
ing information onimaging and a take imaged image data
into communication data for transmission, and transmit-
ting it from an antenna (not shown).

[0014] A magneticfield generating section 1ais rough-
ly divided into a guidance type magnetic field generating



5 EP 2 016 897 A1 6

section and a self-excited magnetic field generating sec-
tion. The guidance type magnetic field generating section
is at least composed of a resonance circuit from a guid-
ance coil and a capacitor (parasitic capacitance or addi-
tion capacity) and resonates by action of a magnetic field
for position detection to generate a magnetic field out-
side. In addition, a self-excited magnetic field generating
section described below is composed of an oscillation
circuit including a coil and generates a magnetic field of
a specified frequency outside.

[0015] The magnet 1b is fixed to the rear side or to the
inner circumference of the imaging section of the capsu-
lar medical device 1, and generates a force by a guidance
field generated by a generation coil for a guidance field
to thereby perform the movement and the postural
change of the capsular endoscope 1.

[0016] A magnetic guidance device 4 is disposed in
six faces so as to cover the surroundings of the capsular
endoscope 1 and includes a guidance field generating
coil (guidance coil: 2a1, 2a2, 2b1, 2b2, 2c1, and 2¢2) 2
for generating a guidance field in an arbitrary direction,
an operating section 6 that directs the moving direction
and the posture that an operator intends, a signal gen-
erating and controlling section 7 that calculates a signal
waveform necessary to guide the capsular endoscope 1
and controls a guidance signal generating section 8, and
the guidance signal generating section 8 that flows a driv-
ing current to each of the guidance coils 2 according to
the signal generating and controlling section 7 to thereby
generate a guidance field.

[0017] The operating section 6 includes an input de-
vice such as a joy stick for directing the movement direc-
tion and the posture of the capsular endoscope 1 that an
operator intends and a keyboard or a panel switch for
executing information input and settings, and the like.
The signal generating and controlling section 7 calculates
a signal waveform necessary to guide the capsular en-
doscope 1 on the basis of the instruction of the operating
section 6 and position information from a position detec-
tion device 5 and controls the guidance signal generating
section 8 to generate a waveform by the result of the
calculation. Hereinafter, the guidance magneticfield gen-
erating coil is called a guidance coil. In this embodiment,
six guidance coils (2a1, 2a2, 2b1, 2b2, 2¢1, 2c2) 2 are
disposed so as to cover six faces of the surroundings of
the capsular endoscope 1 (top, bottom, right, left, front
and rear). The guidance coils are not limited to six coils,
and may be disposed as appropriate in a suitable number
according to the design.

[0018] The position detection device 42 includes a
magnetic field generating section 3a for position detec-
tion, comprising a coil that generates a magnetic field to
detect the position of the capsular endoscope 1, a mag-
netic field detecting section 3b in which a large number
of magnetic field sensors 3c are arranged and which de-
tects a magnetic field and converts it into a voltage, a
signal generating section 11 for position detection that
flows a driving current in a coil of the magnetic field gen-
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erating section 3a for position detection to generate a
position detection magnetic field of the capsular endo-
scope 1, a signal processing section 12 that converts a
voltage signal captured by the magnetic field detecting
section 3b into digital data that is necessary for positional
calculation, and a position calculating section 10 that de-
termines a digital signal input from the signal processing
section to calculate positional information indicating the
present position of the capsular endoscope 1 from its
positional distribution data.

[0019] This signal processing section 12 further has
functions of band limitation, signal amplification and an-
alog-to-digital conversion. The magnetic field generating
section 3a is arranged in the vicinity of the guidance coil
of one face and generates a magnetic field for detecting
the position of the capsular endoscope 1 based on the
instruction of the signal processing section 12. The mag-
netic field detecting section 3b pinches the capsular en-
doscope 1, is disposed across the capsule from the mag-
neticfield generating section 3a and has arranged therein
a plurality of magnetic field sensors 3c.

[0020] The position detection in this embodiment is re-
fers to calculation of the strength of the magnetic field
output from the capsular endoscope 1 that passes
through the guidance coil 2. From this value, the electro-
motive force to be generated in the guidance coil 2 will
be calculated. The guidance coil 2 is connected to guid-
ance signal generating section 8 with a low impedance,
so that this electromotive force causes an electric current
inversely proportion to the impedance of the guidance
coil 2 to flow in the coil to thereby generate an undesired
magnetic field. If the positional relationship between the
guidance coil 2 and the magnetic field sensor 3c is clar-
ified, the amount of electromotive force generated in each
magnetic sensor 3c by the undesired magnetic field can
be calculated.

[0021] FIG. 2 shows the position calculating section
10 and a configuration site placed in its circumference;
the position detection will be described.

[0022] This position calculating section 10 includes an
error calculation equation generating section 23, an
equation solving section 24, a comparing section 25, an
error addition section 26, and a position output section
27. The error calculation equation generating section 23
generates an evaluation function on the basis of posi-
tional information and posture information of an initial val-
ue (estimated position information) and the magneticfield
sensor 3¢, transforms the evaluation function, generates
a matrix that indicates simultaneous equations the
number of which is equal to the number of variables and
outputstheresults. In addition, the error calculation equa-
tion generating section includes a program for generating
a matrix that transforms the evaluation function and ex-
presses a simultaneous equation.

[0023] The equation solving section 24 solves an input
equation and outputs its solution (error to the true value)
to the comparing section 25.

[0024] The comparing section 25 compares the solu-
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tion obtained by the equation solving section 24 with a
threshold value (allowable error whether or not the cal-
culation result can have been converged) and decides
whether or not the calculation is continued. If the solution
(error) exceeds the threshold value in this comparison
processing, the error addition section 26 adds a solution
of the equation to be input through the comparing section
25 to a value output from the error calculation equation
generating section 23. The added result is sent to the
error calculation equation generating section 23 for sub-
sequent position calculation.

[0025] At the starting point of calculation, an initial val-
ue internally kept or input is applied. On the other hand,
if the solution is smaller than the threshold value by the
comparison processing, the calculation is considered to
be converged and stopped; the calculation is ended and
the result is output to the position output section 27.
[0026] When the number of outputs from the equation
solving section 24 is counted and exceeds an arbitrary
predetermined number provided in advance, the output
to the error addition section is discontinued and the cal-
culationis terminated. Such processing makes it possible
to preventmore than the necessary time being consumed
in a situation in which the calculation result cannot be
converged. The position output section 27 receives po-
sitional information from the error addition section 26 and
keeps it. In addition, when the value is converged by re-
peated calculation within a predetermined number of cal-
culations, an input value to the equation solving section
24 that is kept by the error addition section 26 is acquired
as positional information. On the other hand, when the
value is not converged even after a predetermined
number of calculations, a value that indicates no conver-
sion (information in which the position is uncertain) is
input. This positional information is output as positional
information to the signal generating and controlling sec-
tion 7 of the magnetic guidance device 4.

[0027] Additionally, in this configuration example, the
position calculating and correcting section 9 is set to be
the undesired signal calculating section 22. This unde-
sired signal calculating section 22 is connected to the
error calculation equation generating section 23 and sub-
tracts an undesired magnetic field generated from the
guidance coil 2 according to the present position of the
capsular endoscope 1. Although in the evaluation func-
tion an estimated voltage calculated as a magnetic field
that is produced by a magnetic dipor moment is subtract-
ed from a measurement, an undesired signal further gen-
erated by an undesired magnetic field from this estimated
voltage can be made to be calculated and subtracted.
[0028] Asimultaneous equation for calculating an error
from a certain estimated value is set up for an evaluation
function thus obtained. In this configuration, since the
position is always calculated in consideration of an un-
desired magnetic field, a reliable position can be estimat-
ed at any time.

[0029] FIG. 3A is a flowchart for describing position
detection. FIG. 3B is a sub-routine to describe the gen-
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eration of a simultaneous equation.

[0030] First, the position detectionis initiated (step S1).
A sensor voltage (Bdi) detected by the magnetic field
sensor 3c is captured (step S2). Next, the error calcula-
tion equation generating section 23 receives an initial
value (estimated position information) and the positional
information of the magnetic field sensor 3c transforms
an evaluation function, provided in advance, to generate
a matrix that indicates simultaneous equations (step S3).
Here, a sub-routine of the generation of a simultaneous
equation will be described.

[0031] First, whether or not a sensor voltage (Bdi) from
the magnetic field sensor 3c is a first capture and thus a
first detection is decided (step S11).

[0032] If the capture is the first detection by this deci-
sion, YES is input; an initial value P, set in advance is
input (step S12); an error determined as described below
is added to this initial value (step S13). The sensor volt-
age becomes an initial value P, + AP(n+1) after the first
time. n is set to be the capture frequency on or after the
second time. On the other hand, if the sensor voltage is
not the first capture (No), the error is further added to the
result determined last time (initial value + error). Simul-
taneous equations (matrix) based on a value to which an
error is added are generated and output.

[0033] Next, in the equation solving section 24, the in-
put simultaneous equations are solved and their solu-
tions AP (error to the true value) are determined (step S4).
[0034] Next, the decision as to whether or not the so-
lution obtained last time converges is initiated (step S5).
This convergence decision is based on whether or not
the number of calculations so far is equal to or more than
the number of calculations arbitrarily setin advance (step
S6). This decision is a decision for discontinuing the cal-
culation where the solution does not converge even if the
number of calculations exceeds the number of calcula-
tions defined in advance, in order to prevent the program
from continuing to operate for a long time period when
the calculated result cannot be converged.

[0035] Ifthe number of calculations still does not reach
the set number of calculations on the basis of this calcu-
lation (No), the solution is compared with a threshold val-
ue decision provided by the comparing section 25 (step
S7). In this comparison, if the solution is smaller than the
threshold value (Yes), the solution is considered to be
converged and the calculation is terminated and then the
convergence decisionis completed (step S8). On the oth-
er hand, if the solution still exceeds the threshold value,
the processing is returned to step S3 and the solution is
added to the above-mentioned initial value in the error
addition section 26 and then output to the equation solv-
ing section 24. In this manner, the calculation is repeated
until the solution determined from the equation is equal
to the threshold value or less.

[0036] Then, if the convergence decision is ended, the
positional information of the capsular endoscope 1 is out-
put and whether or not the calculation is completed is
decided (step S10); if the calculation is ended (Yes), the



9 EP 2 016 897 A1 10

processing is returned. If the calculation is not ended yet,
the processing is returned to step S1, and the position
detection is made again.

[0037] Here, the position detection by magnetism will
be described.

[0038] Two methods are considered to be available for
the position detection by magnetism. First, when the cap-
sular endoscope 1, which has a function of generating a
magnetic field in a position detection region, is placed in
a position detection region, a magnetic field generated
by the capsular endoscope 1 is detected by a magnetic
field sensor placed in at the periphery of the capsular
endoscope 1. Second, a magnetic field sensor is embed-
ded in the capsular endoscope 1 and detects its gener-
ated magnetic field to determine the position, when a
magnetic field generation device is disposed in the sur-
roundings. In the present invention, either of these two
methods for detection is adopted.

[0039] First, the position detection for the capsular en-
doscope 1 that has a function of generating a magnetic
field will be described as a detection target.

[0040] Firstly, a situation in which a coil is placed in a
position detection region is assumed. The detection tar-
get of position detection is, for example, the capsular
endoscope 1, and a situation is considered in which the
capsular endoscope 1 has disposed therein a magnetic
substance such as a magnet and its position and posture
are controlled by an external magnetic field.

[0041] The means of magnetic field generation may
be coil, driven by an internal oscillator, or by providing a
magnetic field from the outside and generating a mag-
netic field the guidance thereof.

[0042] When a plurality of coils is disposed in an arbi-
trary position as a magnetic field sensor, a voltage pro-
portional to a magnetic flux that is present is obtained.
From voltage information, a magnetic flux Bdithat passes
through the i-th coil of n coils is obtained (wherein d:
detected).

[0043] Assuming that a magnetic field from the capsu-
lar endoscope 1 can be regarded as a generation mag-
netic field from a magnetic dipole, a magnetic field at an
arbitrary position can be calculated.

[0044] When the magnetic dipole moment is vector M
[Mx My Mz], its position coordinate is [X, y, z] and the
position vector of a place where the magnetic field is re-
quired to be determined is vector r; [Xi, i, zi], the position
vector is expressed by vector ri [xi - X, yi - y, zi - z] and
the magnetic field strength is expressed by vector B (vec-
tor r;, vector M). (s: sensor position)

—B'_ _ 1 3(1:4‘1?1); M
i=—d—="ri ——
4 5 3
T ry ry

[0045] Here, the optimizing calculation of minimizing
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the evaluation function

n —_ —_— —
D .(Bdi —Bi(p) )2
i=1

can be used. Vector P = (x, v, z, M, My, M,) is a vector
consisting of the parameter of a marker. Since the eval-
uation functions of the number of coils are obtained, this
calculation enables vector P to be estimated.

[0046] At this time, when a coil for magnetic guidance
is placed, a magnetic flux generated from the capsular
endoscope 1 can pass through this guidance coil. Al-
though this passage magnetic flux generates an induced
voltage in the guidance coil, the coil is usually connected
to an amplifier with a low impedance, whereby an electric
current decided based on the impedance of the guidance
coil actually flows, to thereby generate a magnetic field
in a phase in which the electric current cancels the mag-
netic flux that passes through the guidance coil.

[0047] The magnetic field sensor detects the one to
which a magnetic field from the guidance coil of the cap-
sular endoscope 1 is added. Because of this, when the
position is usually calculated, the result differs from a
magnetic field distribution to be expected, so there may
be a situation in which the correct position cannot be
detected or the position calculation is not converged.
However, if the configuration of the coil is decided, a mag-
netic field from the guidance coil can also be calculated.
[0048] In other words, if the position and the direction
of the guidance coil are determined, the magnetic flux
densities vector Bg(vector p) can be calculated relative
to the point with the aperture of the guidance coil. (where-
in, g: guidance).

[0049] Since this calculation is used to obtain an in-
duced voltage generated in a guidance coil, a plurality of
calculation points (as many as possible) is taken to there-
by determine the average value

N
Bg mean(p)= > Bgk(p)
k=1

Z |-

[0050] The electromotive force

—_

§g~mean(p)

is proportional to the number of turns in the guidance
coils, the area and the angular frequency for Bg-mean
(P), and this electromotive force is divided by the imped-
ance to obtain the electric current which flows. In other
words, the electric current |, is also a function I (vector
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p) of vector p. (c: cancel)

[0051] The magnetic field generated from this guid-
ance coil is not similar to a dipole moment usually due
to the coil being large; the coil is divided into a plurality
of electric current vectors to which the Biot-Savart law is
applied and the values of the divided number are added
to be able to determine the magnetic field generated.
[0052] If the position vector of the coordinate deter-
mined when the position vector of the current element is
set to be vector r, and the electric current vector is set
to be vector d; is set to be vector rg; (position of the mag-
netic sensor), the magnetic flux density is in calculated
according to the following.

I(p)dC x (Fsi — rc)
’3

Bei(p) = dug -
4711’1‘5]’_ —rec

[0053] The magnetic field detected by each magnetic
sensor, if the position of the magnetic field relative to the
guidance coil is determined, is determined in its shape
of distribution. I is set at 1 and the equation is calculated
in advance and the result is held, making the situation
easy. The magnetic field captured by the magnetic field
sensor cancels the magnetic field B(p) generated by the
capsular endoscope 1, thus the result is the sum of the
magnetic fields Bc(p).

[0054] Therefore, the evaluation function in positional
calculation can be set in the following.

n
> (Bdi —Bi(p)—Beil(p) 2
i=1

[0055] For this reason, even where a coil such as a
guidance coil is placed, correct position detection is pos-
sible. Other coils include a coil that generates a magnetic
field for position detection used in a position detection
method having this induction equation magnetic field
generating section. The method of an undesired mag-
netic field calculation is similar to the one that has been
described so far.

[0056] In addition, other modification examples are
present that omit the complexity of the above-described
calculation. First, calculation is executed as described
above to determine the position of the capsular endo-
scope 1. Because Bc has already been obtained, as long
as the capsular endoscope 1 does not significantly move
before the next detection timing, a highly accurate posi-
tion can be determined more easily by subtracting it from
a Bs newly detected. However, if such processing is kept,
there is a fear that a problem might occur in which a
deviation from the actual position occurs and the solution
does not converge or the detection position suddenly
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moves to a different position, or the like. Because of this,
a threshold value for the case of no convergence and
movement distance is set. If a solution to be calculating
exceeds the threshold value, an arbitrary number of ap-
plications is determined in advance and conditions when
the number of applications is exceeded are set and then
the error function may be used for the initial value calcu-
lation.

[0057] Second, when the capsular endoscope 1 has
embedded therein a magnetic field sensor and a mag-
netic field generation device is disposed in the surround-
ings, a technique will be set forth that determines the
position by detecting the generated magnetic field by the
magnetic field sensor.

[0058] A magnetic field distribution to be generated or
the number of magnetic field sensors for detection needs
to be appropriately set in order to determine six variables
of the position in the X, Y, and Z space of the capsular
endoscope 1 and X, Y, Z components of the vector indi-
cating the posture (direction) of the capsular endoscope
1.

[0059] To simplify the description, an example consist-
ing of one magnetic field generation means and six mag-
netic field sensors can be understood to be the same as
the method that been described so far. The six sensors
are different in their disposition directions and positions.
If the detection magnetic flux density is set to be Bdi, this
Bdiis determined depending on the position and the pos-
ture of the capsular endoscope 1. Therefore, similarly, it
is understood to only solve a problem that makes the
evaluation function listed below minimum.

n

> (Ba=B,(p))

i=1

In this case, the p vector is constituted by six components
of the position X, y, z of the capsular endoscope 1 and
its direction (xm, ym, zm).

[0060] Here, as described so far, an example in which
a target coil for magnetic guidance or the like is placed
will be considered.

[0061] If a magnetic flux from a magnetic field gener-
ation device passes through this guidance coil, the output
impedance of a driver for driving the guidance coil causes
an induction current to flow, generating a cancellation
magnetic field.

[0062] Generation of this cancellation magnetic field
causes the magnetic field sensor to detect a magnetic
field different from expectation, whereby the sensor is
expected to make a mistake in the detection position.
[0063] Here, if the position of the guidance coil is al-
ready known, the induction current generated by a mag-
netic field from a magnetic generation device is comput-
able. Moreover, a magnetic field that a guidance coil
makes at a marker position can also be calculated. This
cancellation magnetic field is a function of p as indicated
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below.

gci(p)

[0064] Therefore, the previous error function is also
made to be embodies the equation below as described
above, thereby being capable of determining p.

n
D (Bdi - Bi(p) - Bcilp) )2
i=1

[0065] This method renders it possible to detect the
correct position even if the guidance coils surround with
the capsular endoscope 1. In addition, even in this sec-
ond example, as in the above-described other modified
example, a technique for reducing the complexity of cal-
culation can also be used.

[0066] As described thus far, the medical device guid-
ance system having a position detection function of the
first embodiment can exclude an undesired signal gen-
erated at the position detection to thereby detect the cor-
rect position of a medical device that passes through the
gastrointestinal tract.

[0067] Next, a configuration example of a medical de-
vice guidance system that has a position detection func-
tion according to a second embodiment as shown in FIG.
4 will be described. FIG. 5 shows a configuration example
of a relative position measuring section 31. A configura-
tion member of this embodiment that is equivalent to a
configuration member of the first embodiment indicated
in FIG. 1 depicted above will be assigned the same ref-
erence numeral and its detailed description will be omit-
ted.

[0068] The medical device guidance system of thisem-
bodiment automatically acquires the positional informa-
tion of the guidance coil and calculates an undesired sig-
nal when an undesired magnetic field is calculated, in
the position calculating and correcting section 9. This
medical device guidance system includes the capsular
endoscope 1, the magnetic guidance device 4 that gen-
erates a guidance field, guides the capsular endoscope
1 to carry out the movement and the posture control, a
position detection device 5 that detects the position of
the capsular endoscope 1, the position calculating and
correcting section 9 that corrects positional calculation
relative to the position detection device 5, and a relative
position measuring section 31 that measures the position
of the guidance coil 2 relative to the reference point of
the position detection device 5.

[0069] As shown in FIG. 5, the guidance coil 2 in the
medical device guidance system is disposed in a frame
61. A bed 62 on which an observation object such as a
patient is movably disposed in this frame in a horizontal
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direction. The bed 62 can electrically horizontally move
by a bed actuator 63 that has a motor. A magnetic field
generating section 3a for position detection and a mag-
netic field detecting section 3b are disposed so as to op-
pose each other on opposite sides of this bed.

[0070] Inthis example, the relative position measuring
section 31 is composed of a displacement sensor 64,
disposed in the vicinity of the bed actuator 63, and detects
the displacement of the bed 62 as a displacement
amount.

[0071] This displacement amount can specify the po-
sitional relationship from the relative distance of the guid-
ance coil 2 and the magnetic field detecting section 3b,
and therefore this position information is input to the po-
sition calculating and correcting section 9. In addition, in
addition to a displacement sensor, methods are consid-
ered thatinvolve, for example, obtaining information from
an actuator used for each movement, and setting an ob-
servation index using laser measuring.

[0072] Hence, according to this embodiment, in the
case of not necessarily fixing the relative position of the
guidance coil and the magnetic field detecting section 3b
such as a movement of a bed having placed thereon a
patient, an undesired signal can be precisely calculated
by addition of a relative positional relationship of the guid-
ance coil 2 and the magnetic field detecting section 3b
by use of the relative position measuring section. Addi-
tionally, the position detection of a bed can always lead
to the correct calculation without manual input by updat-
ing the position relation information to automatically
measure relative position relation information.

[0073] Next, a configuration example of a medical de-
vice guidance system that has a position detection func-
tion according to a third embodiment as shown in FIG. 6
will be described. A configuration member of this embod-
iment that is equivalent to a configuration member of the
first embodiment indicated in FIG. 1 depicted above will
be assigned the same reference numeral and its detailed
description will be omitted.

[0074] This embodiment is different in the configura-
tion of position detection from the first embodiment and
includes the magnetic field generating section 41 that
self-excitedly radiates a magnetic filed in place of the
magnetic field generating section 1a comprising a coil
within the capsular endoscope 1. The magnetic field gen-
erating section 41 includes a coil and an oscillation circuit,
and powered by a battery as a power source to generate
a magnetic field of a specified frequency outside.
[0075] The position detection device 42 includes a
magnetic field detecting section 43 which is disposed in
an arbitrary plane, has a plurality of magnetic field sen-
sors 3c arranged in its plane and detects a magnetic field
and then converts it into a voltage, the signal processing
section 12 that converts a voltage signal detected by the
magnetic field detecting section 43 into digital data that
is necessary for positional calculation, and the position
calculating section 10 that determines a digital signal in-
put from the signal processing section to calculate posi-
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tional information indicating the present position of the
capsular endoscope 1 from its positional distribution da-
ta.

[0076] The present embodiment can obtain an effect
equivalent to that of the first embodiment described
above, exclude an undesired signal generated during the
position detection and detect the correct position of a
medical device that passes through the gastrointestinal
tract.

[0077] Next, a configuration example of a medical de-
vice guidance system that has a position detection func-
tion according to a fourth embodiment as shown in FIG.
7 will be described. A configuration member of this em-
bodiment that is equivalent to a configuration member of
the first embodiment indicated in FIG. 1 depicted above
will be assigned the same reference numeral and its de-
tailed description will be omitted.

[0078] The medical device guidance system of thisem-
bodiment is configured so as to have a magnetic field
detecting section 51 disposed within the capsular endo-
scope 1, detect a magnetic field from a magnetic field
generating section 53 for position detection, transmit a
send data concerning the position (detection result of the
magnetic field sensor) to a position detection device 52
side with a radio signal, and assess the position of the
capsularendoscope 1. As described above, the magnetic
field detecting section 51 within the capsular endoscope
1 detects a magnetic field generated by the magnetic
field generating section 53 for position detection. In this
case, interference is generated in the magnetic field gen-
erating section 53 for position detection and the guidance
coil 2. As described so far, an undesired magnetic field
is generated from the guidance coil 2 and added to a
magnetic field for position detection, so that the distribu-
tion of a magnetic field for position detection formed in
the space will change. In addition, in this configuration,
the magnetic field generating section 53 for position de-
tection is a coil as described above, whereby there is a
possibility to generate an undesired magnetic field based
on the same principle as the above and produce an error
in position detection. In this case, an undesired magnetic
field can be determined by calculation similar to the case
of a guidance cail.

[0079] This medical device guidance system includes
the capsular endoscope 1, the magnetic guidance device
4 that generates a guidance field, guides the capsular
endoscope 1 to carry out the movement and the posture
control, a position detection device 42 that detects the
position of the capsular endoscope 1, and the position
calculating and correcting section 9 that corrects posi-
tional calculation relative to the position detection device
42.

[0080] The capsular endoscope 1 includes at least a
imaging section (not shown) within the capsule container,
the magnetic field detecting section 51 that detects a
magnetic field for guidance and the magnet 1b for driving
the capsular endoscope 1 in a magnetic field. The mag-
netic field detecting section 51 detects a magnetic field
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for position detection generated by the magnetic field
generating section 53 for position detection.

[0081] The magnetic field detecting section 51 in-
cludes a magnetic field sensor (not shown) that detects
a magnetic field for position detection, a signal process-
ing section (not shown) that converts the detected mag-
netic field into a voltage, generates a send data to trans-
mitted outside the capsular endoscope 1, and a radio
transmission section that sends the send data to the po-
sition detection device 42 as a radio signal. This signal
processing section may be driven by installing a small
battery such as a button battery within the capsular en-
doscope 1 or driven by an induced voltage power-gen-
erated by installing a coil for power generation and ap-
plying a magnetic field from the outside. The radio trans-
mission section has an antenna and may also utilize an
antenna for sending a take imaged image.

[0082] Inaddition, when asmall battery, such as button
cells, are arranged in series, as shown in FIG. 13, the
joint of the anode of a battery 81 and the cathode of a
battery 82 may be fixed with an electroconductive double-
sided tape having adhesion properties on both sides.
This double-sided tape preferably has a small electric
resistance and a small thickness. This configuration im-
proves working efficiency when battery is installed within
the capsular endoscope 1.

[0083] The position detection device 52 includes the
signal generating section 11 for position detection that
generates a position detection magnetic field from the
magnetic field generating section 53 for position detec-
tion, the magnetic field generating section 53 for position
detection that generates a magnetic field for position de-
tection relative to the magnetic field detecting section 51
disposed within the capsular endoscope 1, a radio re-
ceiving section 54 that receives a radio signal (send data)
indicating the location of the capsular endoscope 1 trans-
mitted from the radio transmitting section, the signal
processing section 12 that converts a voltage signal
based on a radio signal received in the radio receiving
section 54 into digital data necessary for positional cal-
culation, and the position calculating section 10 that as-
sesses a digital signal input from the signal processing
section and calculates the positional information of the
capsular endoscope 1 from its voltage data.

[0084] As described so far, this embodiment includes
the above-described position calculating and correcting
section 9 and carries out no-position calculation based
onthe generation of a magneticfield for position detection
passed through the guidance coil 2, thus being capable
of excluding adverse effects such as false detection as
well as being incapable of convergent calculation.
[0085] Next, a configuration example of a medical de-
vice guidance system that has a position detection func-
tion according to a fifth embodiment as shown in FIG. 8
will be described. A configuration member of this embod-
iment that is equivalent to a configuration member of the
first embodiment indicated in FIG. 2 depicted above will
be assigned the same reference numeral and its detailed
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description will be omitted.

[0086] In this embodiment, the position calculating
section 10 includes the error calculation equation gener-
ating section 23, the equation solving section 24, the
comparing section 25, the error addition section 26, and
the position output section 27.

[0087] The position calculating and correcting section
13includes an undesired signal equation calculating sec-
tion 71 that calculates an estimation equation of an un-
desired magnetic field generated from a guidance coll
according to the position of the capsular endoscope 1
and subtract the undesired magnetic field from the mag-
neticfield generated from the guidance coil, an undesired
signal value calculating section 72 that calculates an es-
timation equation of an undesired magnetic field value
(no variables) generated from a guidance coil from de-
tection position information and subtracts, subtract the
undesired magnetic field value from an magnetic field
value generated from the guidance coil, and a switching
section 73 that executes two kinds of decisions according
to set conditions and switching the undesired signal
equation calculating section or the undesired signal value
calculating section.

[0088] In an actual movement, when the distance
moved of the capsular endoscope 1 in a gastrointestinal
tract is small, a situation in which the interference state
of the capsular endoscope 1 and the guidance coil 2 nor-
mally does not change. Meanwhile, even when the dis-
placementis not so large, the variation of the interference
might also be large when the interval between the cap-
sular endoscope 1 and the guidance coil is small.
[0089] The medical device guidance system of this em-
bodiment is configured so as to switch the evaluation
function according to a situation. When the position is
firstly calculated, the guidance coil 2 is provided as in the
configuration of the first embodiment, and the correct po-
sition is detected on the basis of the calculation result to
which the undesired signal equation calculating section
is applied. Thereafter, the value of an undesired signal
is regarded as having a small variation and used by sub-
tracting a resulting undesired signal (no variables) from
a data value measured from the position previously de-
tected.

[0090] Inaddition, by comparison of a calculation result
to which the undesired signal equation calculating sec-
tion is applied and a positional calculation result by a
simplified method based on the subsequent measure-
ment data, when the difference exceeds a predetermined
threshold value, the capsular endoscope 1 actually
moves significantly, or though the movement is small,
the amount of interference is large, generating an error
in positional calculation. In this case, correct calculation
that uses the undesired signal equation calculating sec-
tion 71 is necessary. Therefore, in this embodiment, by
comparison of a calculation result to which the undesired
signal equation calculating section is applied and a po-
sitional calculation result by a simplified method based
on the subsequent measurement data, only when the
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positional displacement is large, the error calculation is
made in equation form to reflect it in convergent calcu-
lation.

[0091] Referring to a flowchart shown in FIG. 9, the
position detection of a medical device guidance system
configured in this manner will be set forth.

[0092] A detection operation of this embodiment that
is equivalent to each detection operation of the flowchart
indicated in FIGS. 3A and 3B depicted above will be as-
signed the same step number and its detailed description
will be omitted.

[0093] First, position detection is initiated and a sensor
voltage (Bdi) detected by the magnetic field sensor 3c is
captured. Next, the error calculation equation generating
section 23 receives an initial value (estimated position
information) and the positional information of the mag-
netic field sensor 3c, and transforms an evaluation func-
tion provided in advance to generate a matrix that indi-
cates simultaneous equations (steps S1 to S3). Next, in
the equation solving section 24, the input simultaneous
equations are solved and their solutions AP (errors to the
true values) are determined and then the decision as to
whether or not the determined solutions are converged
relative to the previously determined solutions is initiated.
This convergence decision is based on whether or not
the number of calculations so far is equal to, more than,
or less than a set number of calculations. In this decision,
if the number of calculations is equal to or more than a
set number or if the solution is equal to smaller than a
set value, the calculation is terminated and then the con-
vergence decision process is ended (steps S4 to S8).
[0094] Next, output decision processing is initiated
(step S21). First, the decision on whether or not an un-
desired signal used immediately before is determined by
calculation is made (step S22). If the undesired signal is
a calculated value by this decision (Yes), the value is
decided to indicate the correct position and thus the dis-
tance moved calculation is executed (step S25).

[0095] On the other hand, if the undesired signal is not
a calculated value (No), it is decided to be a positional
calculation result obtained by the simplified method.
Next, whether or not this positional information is held is
decided (step S23). If the positional information is held
by this decision (Yes), the position output section 27 re-
ceives positional information from the error addition sec-
tion 26 and keeps it (step S14). On the other hand, if the
positional information is not held (No), the output decision
processing is ended (step S27).

[0096] Next, the distance moved from the last position
is calculated on the basis of this retained positional in-
formation (step S25). Whether or not the calculated dis-
tance moved is equal to or more than an arbitrary set
value in advance is decided (step S26). If the distance
moved is more than the set value by this decision (Yes),
it is decided that the capsular endoscope 1 is actually
significantly moved, or that the amount of interference is
greatly changed although the device is not moved and
an error is generated by positional calculation. In other
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words, the evaluation function needs to be altered and
an undesired signal is switched in order to determine a
calculated result to which the undesired signal equation
calculating section is applied (step S30). The switch of
this undesired signal is a switch by positional calculation
using the calculation equation or by positional calculation
by the simplified method using a measured data. In ad-
dition, in the switch to positional calculation using the
calculation equation, an undesired signal equation is
generated only at the initial time.

[0097] Additionally, if the distance moved is less than
the threshold value by the decision of step S26 (No), the
distance value is converged equal to or less than the set
value. The determined positional information is decided
to be precise and the output decision processing is ended
(step S27). Then, the positional information is output from
the position output section 27 to the signal generating
and controlling section 7 (step S28). Moreover, after this
output, whether or not this position detection is continued
is decided (step S29). If the position detection is not end-
ed (No), the processing is returned to step S1, and the
position detection is made again.

[0098] If the position detection is not continued (Yes),
and a series of sequences are ended.

[0099] As described above, accurate positional infor-
mation may always be determined by the equation of the
undesired signal equation calculating section. However,
the calculationis configured so as to switch the evaluation
function according to the situation to thereby detect the
correct position firstly on the basis of position calculation.
Thereatfter, the value of an undesired signal is regarded
as having a small variation and used by subtracting a
resulting undesired signal (no variables) from data value
measured from the position previously detected to there-
by achieve speed-up of position detection in which op-
eration processing is simplified.

[0100] In addition, a calculation result to which the un-
desired signal equation calculating section is applied is
compared with a positional calculation result obtained by
the simplified method based on the subsequent meas-
urement data in terms of the distance moved. When a
calculation result obtained by the simplified method
based on the measurement data has a large error due
to the comparison of the difference (difference of the dis-
tance moved) with a predetermined threshold value, the
correct positional information may be determined again
by the equation of the undesired signal equation calcu-
lating section.

[0101] Therefore, the amount of calculation in the sys-
tem can be substantially reduced because the undesired
signal calculating section is output only when a precise
calculation is executed again. As a result, this embodi-
ment is configured so as to achieve speed-up while main-
taining precise position detection by calculating the po-
sition by selective use of the calculation result.

[0102] Next, a configuration example of a medical de-
vice guidance system that has a position detection func-
tion according to a sixth embodiment as shown in FIG.
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10 will be described. A configuration member of this em-
bodiment that is equivalent to a configuration member of
the first embodiment indicated in FIG. 8 depicted above
will be assigned the same reference numeral and its de-
tailed description will be omitted.

[0103] In the above-described fifth embodiment, the
size of the difference between the correct calculation re-
sult to which the undesired signal equation calculating
section is applied and a simple calculation result (meas-
urement data) to which the undesired signal equation
calculating section is applied was decided in terms of the
distance moved. On the other hand, this embodiment is
an example of making the switch decision in terms of
number of decisions.

[0104] A detection operation of this embodiment that
is equivalent to each detection operation of the flowchart
indicated in FIGS. 3A and 3B depicted above will be as-
signed the same step number and its detailed description
will be omitted.

[0105] First, a decision evaluation function is modified
to form a matrix expressing simultaneous equations and
solve the simultaneous equations, and then whether or
not the solutions are converged is decided (steps S1 to
S8).

[0106] Next, after convergence decision processing in
step S8 ends, the switch decision on the undesired signal
equation calculating section 71 and the undesired signal
value calculating section 72 is initiated (step S41). The
number of convergence decisions made in steps S3 to
S8 is counted (step S42). Whether or not this counted
convergence decision number is equal to or more than
the arbitrarily set number of decisions is decided (step
S43). If the number of convergence decision is equal to
or less than the set number by this decision (No), there
is still a possibility of convergence by the modification of
the evaluation function. Hence, the switch on the unde-
sired signal equation calculating section 71 and the un-
desired signal value calculating section 72 is made (step
S44). At this time, only at the initial switch, an undesired
signal equation is generated. Moreover, at the time of
the switch, the count number of the counter is set at 0.
[0107] On the other hand, if the convergence decision
number is equal to or more than the set number (Yes),
the output decision is made terminated (step S46). Then,
the positional information is output from the position out-
put section 27 to the signal generating and controlling
section 7 (step S47). Moreover, after this output, whether
or not the position detection is continued is decided (step
S48). If the position detection is not ended (No), the
processing is returned to step S1, and the position de-
tection is made again. If the position detection is not con-
tinued (Yes), and a series of sequences are ended.
[0108] This embodiment compares the decision
number with a set number as described above. When
the decision number exceeds the initial and set number
for the calculation, the equation by the undesired signal
equation calculating section is applied. Excluding that,
simple previous positional information provided by the
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undesired signal value calculating section is used and
the embodiment is based on the subtraction of the cal-
culated undesired signal (no variables). The decision for
carrying out the switch decision in the above-described
fifth embodiment is only changed to the number, and an
equivalent effect can be obtained. In addition, this em-
bodiment has no distance moved operation and simply
has an execution number of convergence decision.
Therefore, the amount of calculation can be decreased,
and the switch decision can be made by a simple con-
figuration.

[0109] Next, a configuration example of a medical de-
vice guidance system that has a position detection func-
tion according to a seventh embodiment as shownin FIG.
11 will be described. A configuration member of this em-
bodiment that is equivalent to a configuration member of
the third embodiment indicated in FIG. 6 depicted above
will be assigned the same reference numeral and its de-
tailed description will be omitted.

[0110] This embodiment is a modified example in
which a relative position measuring section shownin FIG.
4 is added to a configuration example of a medical device
guidance system that has a position detection function
according to the third embodiment described above.
Here, only changed features will be described.

[0111] This embodiment includes the relative position
measuring section 31 that is a medical device guidance
system corresponding to the capsular endoscope 1
which has a self-excited magnetic field generating sec-
tion and that measures the position of the guidance caoill
2 to the reference point of the position detection device 5.
[0112] According to this embodiment, in the case of
not fixing the relative position of the guidance coil and
the magnetic field detecting section 3b that detects the
position, an undesired signal can be precisely calculated
by addition of a relative positional relationship of the guid-
ance coil 2 and the magnetic field detecting section 3b
by use of the relative position measuring section. Addi-
tionally, the position detection of a bed can always lead
to the correct calculation without manual input by updat-
ing the position relation information to automatically
measure relative position relation information.

[0113] Next, a configuration example of a medical de-
vice guidance system that has a position detection func-
tion according to an eighth embodiment is shown in FIG.
12 and will be described. A configuration member of this
embodiment that is equivalent to a configuration member
of the third embodiment indicated in FIG. 6 depicted
above will be assigned the same reference numeral and
its detailed description will be omitted.

[0114] This embodiment is a modified example in
which a relative position measuring section shownin FIG.
4 is added to a configuration example of a medical device
guidance system that has a position detection function
according to the third embodiment described above.
Here, only changed features will be described.

[0115] The medical device guidance system of this em-
bodiment includes the relative position measuring sec-
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tion 31 that is a medical device guidance system corre-
sponding to the capsular endoscope 1 which has a self-
excited magnetic field generating section and that meas-
ures the position of the guidance coil 2 to the reference
point of the position detection device 5. This embodiment
has an effect equivalent to the above-described seventh
embodiment.

[0116] According to the present invention, there can
be provided a medical device guidance system that ex-
cludes an undesired signal generated during position de-
tection and has a position detection function of detecting
a precise position of a medical device that passes in a
gastrointestinal tract and its position correction method.
[0117] Although a guidance system for a medical de-
vice can been described in each embodiment described
above, an effect of a like position detection correction
can be expected also in the position detection system
that has a magnetic field generating section for position
detection. For instance, in the first embodiment, the guid-
ance system for a medical device is effective even in the
position detection system that removes the magnetic field
generating coil 2 and the guidance signal generating sec-
tion 8. In this case, because the magnetic field generating
section 3a for position detection generates an undesired
magnetic field, the determination of this undesired mag-
netic field by calculation makes it possible to precisely
detect the position/direction as having been described
so far.

Claims
1. A medical device guidance system comprising:

a position detection device including a capsular
medical device which is introduced into a gas-
trointestinal tract, is capable of movement and
posture control by the generation of driving force
caused by a guidance field and always or by
response generates a magnetic field of a spec-
ified frequency, a magnetic field detecting sec-
tion which detects a magnetic field of the spec-
ified frequency and a position detecting section
which detects a position in the gastrointestinal
tract of the capsular medical device on the basis
of the detection result of the magnetic field de-
tecting section;

a guidance coil which generates the guidance
magnetic field that orients in an arbitrary direc-
tion to guide the capsular medical device to a
desired position;

an undesired signal value calculating section
which calculates an undesired signal on the ba-
sis of an undesired magnetic field generated by
the magneticfield of the specified frequency that
enters into the guidance coil; and

a position calculating and correcting section
which subtracts a calculation result by the un-
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desired signal value calculating section from a
detection result of the magnetic field detecting
section to thereby exclude a magnetic field that
corresponds to the undesired magnetic field.

2. A medical device guidance system comprising:

a capsular medical device including a magnet
for generating a driving force by a guidance field
and changing the movement and posture, and
a magnetic field generating section which a coil
generates a magnetic field of a specified fre-
quency outside, the capsular medical device be-
ing introduced into a gastrointestinal tract;

a magnetic guidance device including a guid-
ance coil which radiates the guidance magnetic
field, a signal generating section which flows an
electric currentin the guidance coil, a signal gen-
erating and controlling section which calculates
a signal waveform needed for guiding the cap-
sular medical device to a directed position and
posture and an operating section which directs
the movement position and posture of the cap-
sular medical device;

a position detection device including a magnetic
field detecting section which has a plurality of
magnetic field sensors detecting the magnetic
field of the specified frequency generated by the
capsular medical device and which outputs a
voltage signal converted from a detected mag-
netic field, a signal processing section which
converts the voltage signal into digital data and
a position calculating section which calculates
the present position of the capsular medical de-
vice from the digital data input from the signal
processing section; and

a position calculating and correcting section in-
cluding an undesired signal equation calculating
section which calculates an estimation equation
of an undesired magnetic field generated in the
guidance coil according to the present position
of the capsular medical device and subtracts the
estimation equation from the output of the mag-
netic field detecting section.

3. The medical device guidance system according to
claim 2, wherein the signal processing section further
comprises functions of band limitation, signal ampli-
fication and analog-to-digital conversion.

4. The medical device guidance system according to
claim 2, further comprising:

a relative position measuring section which
measures the position of the guidance coil rel-
ative to the reference point of the position de-
tection device.
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5. The medical device guidance system according to
claim 2, wherein the position calculating and correct-
ing section comprises:

the undesired signal equation calculating sec-
tion;

an undesired signal value calculating section
which subtracts an undesired magnetic field
generated from the guidance coil that is estimat-
ed according to the positional information of the
capsular medical device measured; and

a first switching section which compares a dis-
tance moved based on the measured positional
information with an arbitrary set value set in ad-
vance and, if the distance moved is equal to or
more than the set value, selects the undesired
signal equation calculating section to carry out
the position calculation and, if the distance
moved is less than the set value, selects the
undesired signal value calculating section to
carry out the position calculation.

6. The medical device guidance system according to
claim 2, wherein the position calculating and correct-
ing section comprises:

the undesired signal equation calculating sec-
tion;

an undesired signal value calculating section
which subtracts an undesired magnetic field
generated from the guidance coil that is estimat-
ed according to the positional information of the
capsular medical device measured; and

a second switching section which counts a de-
tection number in the position detection device
and, when the detection number exceeds an ar-
bitrary set number set in advance, selects the
undesired signal equation calculating section to
carry out the position calculation and, when the
counted detection number is equal to or less
than the set number, selects the undesired sig-
nal value calculating section to carry out the po-
sition calculation

7. A medical device guidance system comprising:

a capsular medical device including a magnet
for generating a driving force by a guidance field
to change movement and posture, and a second
magnetic field generating section have a reso-
nance circuit comprising a guidance coil and a
capacitor which generates a magnetic field of a
specified frequency outside by resonating by a
magnetic field for position detection;

a magnetic guidance device including a guid-
ance coil which radiates the guidance magnetic
field, a signal generating section which flows an
electric currentin the guidance coil, a signal gen-
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erating and controlling section which calculates
a signal waveform needed for guiding the cap-
sular medical device to a directed position and
posture and an operating section which directs
the moved position and posture of the capsular
medical device;

a position detection device including a magnetic
field detecting section which has a plurality of
magnetic field sensors of detecting the magnetic
field of the specified frequency generated by the
capsular medical device and that outputs a volt-
age signal converted from the detected magnet-
ic field, a signal processing section which con-
verts the voltage signal into digital data, a posi-
tion calculating section which calculates the
present position of the capsular medical device
from the digital data input from the signal
processing section and a magnetic field gener-
ating section for position detection which has a
signal generating section and a magnetic field
generating coil for position detection and gen-
erates a magnetic field for position detection;
and

a position calculating and correcting section in-
cluding an undesired signal equation calculating
section which calculates an estimation equation
of an undesired magnetic field generated in the
guidance coil according to the present position
of the capsular medical device and subtracts the
estimation equation result from the output of the
magnetic field detecting section.

8. The medical device guidance system according to

claim 7, further comprising:

a relative position measuring section which
measures the position of the guidance coil rel-
ative to the reference point of the position de-
tection device.

9. A medical device guidance system comprising:

a capsular medical device including a magnet
for generating a driving force by a guidance field
to change movement and posture, and a mag-
netic field detecting section which detects a po-
sition detecting magnetic field and transmits a
radio of data for position detection outside;

a magnetic guidance device including a guid-
ance coil which radiates the guidance magnetic
field, a signal generating section which flows an
electric currentin the guidance coil, a signal gen-
erating and controlling section which calculates
a signal waveform needed for guiding the cap-
sular medical device to a directed position and
posture and an operating section which directs
the moved position and posture of the capsular
medical device;

10

15

20

25

30

35

40

45

50

55

14

EP 2 016 897 A1

10.

11.

12.

26

a position detection device including a radio re-
ceiving section which receives data for the po-
sition detection that is radio-transmitted from the
magnetic field detecting section, a signal
processing section which converts data for the
received position detection into digital data, a
position calculating section which calculates the
present position of the capsular medical device
from digital data input from the signal processing
section and a magnetic field generating section
for the position detection including a signal gen-
erating section and a magnetic field generating
section for position detection having a magnetic
field generating coil for position detection and
generating a magnetic field for position detec-
tion; and

a position calculating and correcting section in-
cluding an undesired signal equation calculating
section which calculates an estimation equation
of an undesired magnetic field generated in the
guidance coil according to the present position
of the capsular medical device and subtracts the
estimation equation result from the output of the
magnetic field detecting section.

The medical device guidance system according to
claim 9, wherein the magnetic field detecting section
ofthe capsular medical device comprises a magnetic
field sensor, a signal processing section and a radio
transmitting section.

The medical device guidance system according to
claim 9, further comprising:

a relative position measuring section which
measures the position of the guidance coil rel-
ative to the reference point of the position de-
tection device.

A method of guiding a medical device having a cap-
sular medical device that is introduced into a gas-
trointestinal tract, is capable of movement and pos-
ture control by the generation of driving force caused
by a guidance field and always or by response gen-
erates a magnetic field of a specified frequency,
comprising:

detecting the magnetic field of the specified fre-
quency;

detecting a position in a gastrointestinal tract of
the capsular medical device on the basis of the
detection result of the magnetic field detecting
step;

generating the magnetic field for induction that
orients in an arbitrary direction by a guidance
coil to guide the capsular medical device to a
desired position;

calculating an undesired signal on the basis of
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an undesired magnetic field generated by the
magnetic field of the specified frequency that en-
ters into the guidance coil; and

subtracting a calculation result by the undesired
magnetic field calculating step from a detection
result of the magnetic field detecting step to
thereby exclude a magnetic field that corre-
sponds to the undesired magnetic field.

13. A method of guiding a medical device that is com-

prising a capsular medical device including a magnet
for generating a driving force by a guidance field and
changing the movement and posture, and a magnet-
ic field generating section which a coil generates a
magnetic field of a specified frequency outside, the
capsular medical device being introduced into a gas-
trointestinal tract; comprising:

directing a movement position and a posture of
the capsular medical device, calculating a signal
waveform needed to guide the capsular medical
device to a directed position and posture, apply-
ing the resulting signal waveform to the guid-
ance coil and radiating the guidance magnetic
field to guide the capsular medical device;
detecting the magnetic field of the specified fre-
quency generated by capsular medical device
using a plurality of magnetic field sensor to con-
vert the magnetic field into digital data ex-
pressed as a voltage signal and calculating the
present position of the capsular medical device
from the digital data; and

calculating an estimation equation of an unde-
sired magnetic field generated in the guidance
coil according to the present position of the cap-
sular medical device and subtracting the esti-
mation equation from the voltage signal.

14. The method of guiding a medical device according

to claim 13, wherein the position calculating and cor-
recting step comprises:

calculating the undesired signal equation;
subtracting an undesired magnetic field to be
generated from the guidance coil estimated, ac-
cording to the positional information of the cap-
sular medical device measured; and
comparing a distance moved based on the
measured positional information with an arbi-
trary set value setin advance and, if the distance
moved is equal to or more than the set value,
selects the undesired signal equation calculat-
ing step to carry out position calculation and, if
the distance moved is less than the set value,
selects the undesired signal value calculating
step to carry out position calculation.

15. A method of guiding medical device that has a cap-
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sular medical device including a magnet and a coll
and capacitor for generating a driving force by a guid-
ance field and changing the movement and posture,
and a magneticfield generating section of generating
a magnetic field of a specified frequency outside by
resonance by a position detecting magnetic field,
comprising:

directing a movement position and a posture of
the capsular medical device, calculating a signal
waveform needed to guide the capsular medical
device to a directed position and posture, apply-
ing the resulting signal waveform to the guid-
ance coil and radiating the guidance magnetic
field to guide the capsular medical device;
generating a magnetic field for position detec-
tion by the signal generating section and a mag-
netic field generating coil for position detection;
detecting the magnetic field of the specified fre-
quency generated by the capsular medical de-
vice using a plurality of magnetic field sensor to
convert the magnetic field into digital data ex-
pressed as a voltage signal and calculating the
present position of the capsular medical device
from the digital data;

generating a magnetic field for position detec-
tion generated by a signal generating section
and a coil for position detection; and
calculating an estimation equation of an unde-
sired magnetic field generated in the guidance
coil according to the present position of the cap-
sular medical device and calculating an unde-
sired signal equation subtracting from the mag-
netic field for position detection from the voltage
signal.

16. A method of guiding medical device comprising a

capsular medical device including a magnet for gen-
erating a driving force by a guidance field to change
movement and posture, and a magnetic field detect-
ing section of detecting a position detecting magnetic
field and radio-transmitting data for position detec-
tion outside, comprising:

directing a movement position and a posture of
the capsular medical device, calculating a signal
waveform needed to guide the capsular medical
device to a directed position and posture, apply-
ing the resulting signal waveform to the guid-
ance coil and radiating the guidance magnetic
field to guide the capsular medical device;
receiving data for the position detection radio-
sent from the magnetic field detecting section
and converting the data into digital data and then
calculating the present position of the capsular
medical device from the converted digital data;
and

calculating an estimation equation of an unde-
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sired magnetic field generated in the guidance
coil according to the present position of the cap-
sular medical device and subtracting the esti-
mation equation from the output of the magnetic
field detecting section.

17. A medical device guidance system comprising:

a capsular medical device including a second
magnetic field generating section which has a
resonance circuit comprising a magnet and a
guidance coil and a capacitor for generating a
driving force by a guidance field and generates
amagnetic field of a specified frequency outside
by resonance by a magnetic field for position
detection;

a magnetic guidance device including a guid-
ance coil which radiates the guidance magnetic
field, a signal generating section which flows an
electric currentin the guidance coil, a signal gen-
erating and controlling section which calculates
a signal waveform needed for guiding the cap-
sular medical device to a directed position and
posture and an operating section which directs
the movement position and posture of the cap-
sular medical device;

a position detection device including a magnetic
field detecting section which has a plurality of
magnetic field sensors for detecting the magnet-
ic field of the specified frequency generated by
the capsular medical device and which outputs
a voltage signal converted from the detected
magnetic field, a signal processing section
which converts the voltage signal into digital da-
ta, a position calculating section which calcu-
lates the present position of the capsular medi-
cal device from the digital data input from the
signal processing section and a magnetic field
generating section for position detection which
has a signal generating section and a magnetic
field generating coil for position detection and
generates a magnetic field for position detec-
tion; and

a position calculating and correcting section in-
cluding an undesired signal equation calculating
section which calculates an estimation equation
of an undesired magnetic field generated in the
guidance coil and the magnetic field generating
coil for position detection according to the
present position of the capsular medical device
and subtracts the estimation equation from the
output of the magnetic field detecting section.

18. A medical device guidance system comprising:

a capsular medical device including a magnet
for generating a driving force by a guidance field
to change movement and posture, and a mag-
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netic field detecting section which detects a po-
sition detecting magnetic field and radio-trans-
mitting data for position detection outside;

a magnetic guidance device including a guid-
ance coil which radiates the guidance magnetic
field, a signal generating section which flows an
electric currentin the guidance coil, a signal gen-
erating and controlling section which calculates
a signal waveform needed for guiding the cap-
sular medical device to a directed position and
posture and an operating section which directs
the movement position and posture of the cap-
sular medical device;

a position detection device including a radio re-
ceiving section which receives data for the po-
sition detection that is radio-transmitted from the
magnetic field detecting section, a signal
processing section which converts data for the
received position detection into digital data, a
position calculating section which calculates the
present position of the capsular medical device
from digital data input from the signal processing
section and a magnetic field generating section
for the position detection including a signal gen-
erating section and a magnetic field generating
section for position detection having a magnetic
field generating coil for position detection and
generating a magnetic field for position detec-
tion; and

a position calculating and correcting section in-
cluding an undesired signal equation calculating
section which calculates an estimation equation
of an undesired magnetic field generated from
the guidance coil and the magnetic field gener-
ating coil for position detection according to the
present position of the capsular medical device
and subtracts the estimation equation result
from the output of the magnetic field detecting
section.

19. A method of guiding a medical device comprising a
capsular medical device including a resonance cir-
cuit comprising a magnet and a coil and capacitor
for generating a driving force by a guidance field and
changing the movement and posture, and a magnet-
ic field generating section of generating a magnetic
field of a specified frequency outside by resonance
by a position detecting magnetic field, the method
comprising:

directing a movement position and a posture of
the capsular medical device, calculating a signal
waveform needed to guide the capsular medical
device to a directed position and posture, apply-
ing a resulting signal waveform to the guidance
coil and radiating the guidance magnetic field to
guide the capsular medical device;

generating a magnetic field for position detec-
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tion by the signal generating section and a mag-
netic field generating coil for position detection;
detecting the magnetic field of the specified fre-
quency generated by the capsular medical de-
vice using a plurality of magnetic field sensor to
convert the magnetic field into digital data ex-
pressed as a voltage signal and calculating the
present position of the capsular medical device
from the digital data;

generating a magnetic field for position detec-
tion generated by a signal generating section
and a caoil for position detection; and
calculating an estimation equation of an unde-
sired magnetic field generated in the guidance
coil and the magnetic field generating coil for
position detection according to the present po-
sition of the capsular medical device and calcu-
lating an undesired signal equation subtracting
from the magnetic field for position detection
from the voltage signal.

20. A method of guiding a medical device that has a cap-
sular medical device including a magnet for gener-
ating a driving force by a guidance field to change
movement and posture, and a magnetic field detect-
ing section of detecting a position detecting magnetic
field and radio-transmitting data for position detec-
tion outside, comprising:

directing a movement position and a posture of
the capsular medical device, calculating a signal
waveform needed to guide the capsular medical
device to a directed position and posture, apply-
ing a resulting signal waveform to the guidance
coil and radiating the guidance magnetic field to
guide the capsular medical device;

receiving data for the position detection radio-
sent from the magnetic field detecting section
and converting the data into digital data and then
calculating the present position of the capsular
medical device from the converted digital data;
and

calculating an estimation equation of an unde-
sired magnetic field generated from the magnet-
ic field generating coil for position detection gen-
erating the guidance coil and the magnetic field
for position detection according to the present
position of the capsular medical device and sub-
tracting the estimation equation result from the
output of the magnetic field detecting section.

21. A medical device guidance system comprising:

a position detection device including a capsular
medical device which is introduced into a gas-
trointestinal tract, is capable of movement and
posture, control by the generation of driving
force caused by a guidance field and always or
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by response generates a magnetic field of a
specified frequency, a magnetic field detecting
section of detecting a magnetic field of the spec-
ified frequency and a position detecting section
of detecting a position in a gastrointestinal tract
of the capsular medical device on the basis of
the detection result of the magnetic field detect-
ing section;

one or more coils arranged in the surrounding
of the capsular medical device and making up
of a closed circuit;

an undesired signal value calculating section
which calculates an undesired signal on the ba-
sis of an undesired magnetic field generated by
the magnetic field of the specified frequency that
enters into the coil; and

a position calculating and correcting section
which subtracts a calculation result by the un-
desired signal value calculating section from a
detection result of the magnetic field detecting
section to thereby exclude a magnetic field that
corresponds to the undesired magnetic field.

22. The medical device guidance system according to
claim 21, comprising:

a relative position measuring section which
measures the position of the coil relative to the
reference point of the position detection device.

. The medical device guidance system according to
claim 21, further comprising:

an undesired signal equation calculating section
which calculates an estimation equation for es-
timating an undesired magnetic field to be gen-
erated in the coil subtracted from the output of
the magnetic field detecting section according
to the present position of the capsular medical
device.

24. The medical device guidance system according to
claim 23, further comprising:

a first switching section which compares a dis-
tance moved based on the measured positional
information with an arbitrary set value set in ad-
vance and, if the distance moved is equal to or
more than the set value, selects the undesired
signal equation calculating section to carry out
the position calculation and, if the distance
moved is less than the set value, selects the
undesired signal value calculating section to
carry out the position calculation.

25. The medical device guidance system according to
claim 23, comprising:
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a second switching section which counts a de-
tection number in the position detection device
and, when the detection number exceeds an ar-
bitrary set number set in advance, selects the
undesired signal equation calculating section to
carry out the position calculation and, when the
counted detection number is equal to or less
than the set number, selects the undesired sig-
nal value calculating section to carry out the po-
sition calculation.

26. The medical device guidance system according to

claim 21, wherein the specified frequency generating
section has a resonance circuit comprising a guid-
ance coil and a capacitor, is connected to the cail,
has a signal generating section which supplies the
electric current of the specified frequency to the coil
and receives a magnetic field that has the specified
frequency to generate and induce a magnetic field
of the specified frequency.

27. A medical device guidance system comprising:

a position detection device including a capsular
medical device which is introduced into a gas-
trointestinal tract, always or by response detects
a magnetic field of a specified frequency and
radio-transmits the detected magnetic field data
outside, a specified frequency magnetic field
generating section which generates the magnet-
ic field of the specified frequency and a position
detecting section which detects a position in a
gastrointestinal tract of the capsular medical de-
vice on the basis of the detection result of the
magnetic field detecting section that is a mag-
netic field data radio-transmitted and detected;
one or more coils arranged in the surrounding
of the capsular medical device and making up
of a closed circuit;

an undesired signal value calculating section
which calculates an undesired signal on the ba-
sis of an undesired magnetic field generated by
the magnetic field of the specified frequency that
enters into the coil; and

a position calculating and correcting section
which subtracts a calculation result by the un-
desired signal value calculating section from a
detection result of the magnetic field detecting
section to thereby exclude a magnetic field that
corresponds to the undesired magnetic field.

28. The medical device guidance system according to

claim 27, wherein the magnetic field detecting sec-
tion of the capsular medical device comprises a mag-
netic field sensor, a signal processing section and a
radio transmitting section.

29. The medical device guidance system according to
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claim 27, further comprising:

a relative position measuring section which
measures the position of the coil relative to the
reference point of the position detection device.

30. The medical device guidance system according to

claim 27, further comprising:

an undesired signal equation calculating section
which calculates an estimation equation for es-
timating an undesired magnetic field to be gen-
erated in the coil subtracted from the output of
the magnetic field detecting section according
to the present position of the capsular medical
device.

31. The medical device guidance system according to

claim 23, further comprising:

a first switching section which compares a dis-
tance moved based on the measured positional
information with an arbitrary set value set in ad-
vance and, if the distance moved is equal to or
more than the set value, selects the undesired
signal equation calculating section to carry out
position calculation and, if the distance moved
is less than the set value, selects the undesired
signal value calculating section to carry out po-
sition calculation.

32. The medical device guidance system according to

claim 27, comprising:

a second switching section which counts a de-
tection number in the position detection device
and, when the detection number exceeds an ar-
bitrary set number set in advance, selects the
undesired signal equation calculating section to
carry out the position calculation and, when the
counted detection number is equal to or less
than the set number, selects the undesired sig-
nal value calculating section to carry out the po-
sition calculation.

33. A method of detecting the position of a medical de-

vice having a capsular medical device that is intro-
duced into a gastrointestinal tract and always or by
response generates a magnetic field of a specified
frequency, comprising:

a magnetic field detecting step of detecting the
magnetic field of the specified frequency;

a gaidance step of generating the magnetic field
for induction that orients in an arbitrary direction
by a guidance coil to guide the capsular medical
device to a desired position;

an undesired magnetic field calculating step of
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calculating an undesired signal on the basis of
an undesired magnetic field generated by the
magnetic field of the specified frequency that en-
ters into the guidance coil;

a position correcting step of subtracting a calcu-
lation result by the undesired magnetic field cal-
culating step from a detection result of the mag-
netic field detecting step to thereby exclude a
magnetic field that corresponds to the undesired
magnetic field; and

a position detecting step of detecting a position
in a gastrointestinal tract of the capsular medical
device on the basis of a result obtained by sub-
tracting a magnetic field corresponding to the
undesired magnetic field according to the detec-
tion result of the magnetic field detecting step.

34. The method of guiding a medical device according
to claim 33, wherein the position calculating and cor-
recting step further comprises:

an undesired signal equation calculating step of
subtracting an undesired magnetic field to be
generated from the guidance coil estimated, ac-
cording to the positional information of the cap-
sular medical device measured; and

a first switching step of comparing a distance
moved based on the measured positional infor-
mation with an arbitrary set value setin advance
and, if the distance moved is equal to or more
than the set value, selects the undesired signal
equation calculating step to carry out the posi-
tion calculation and, if the distance movedis less
than the set value, selects the undesired signal
value calculating step to carry out the position
calculation.

35. A method of guiding a medical device having a cap-
sular medical device comprising a magnetic field de-
tecting section of radio-transmitting data for position
detection outside, comprising:

a magnetic gaidance step of directing a move-
ment position and a posture of the capsular med-
ical device, calculating a signal waveform need-
ed to guide the capsular medical device to a di-
rected position and posture, applying the result-
ing signal waveform to the guidance coil and ra-
diating the guidance magnetic field to guide the
capsular medical device;

a position detecting step of receiving data for
the position detection radio-transmitted from the
magnetic field detecting section and converting
the data into digital data and then calculating the
present position of the capsular medical device
from the converted digital data; and

a position calculating and correcting step of cal-
culating an estimation equation of an undesired
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magnetic field generated in the guidance coil ac-
cording to the present position of the capsular
medical device and subtracting the estimation
equation result from the output of the magnetic
field detecting section.
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